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(57) Fluoroeiastomers comprising in the polymer 
chain units deriving from, fluorovinylethers having the 
fomnula: 



CFX=CX0CF20R 



(I) 



wherein R is a 02-0511 near, branched or 05*Cq cyclic 
(per) fluoroallcyl group, ora 02-0^ linear, branched (per) 
fluoro oxyalkyl group containing from one to three oxy- 
gen atoms; when R is fluoroalkyi orfluorooxyallcyl group 
as above defined, it can contain from 1 to 2 atoms, equal 
or different, selected from the following: H, CI, Br, I; X = 
F,H. ^ 
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Descripti n 

[0001 ] The present invention relates to f luorovlnylethers. the process for preparing them and the polymers obtainable 
therefrom. 

[0002] It is well known that perfiuoroallcyivlnylethers are used as monomers for the olefin copolymerlzation. specifi- 
cally tetrafluoroethylene, vinylldene fluoride, chlorotrifluoroethylene (CTFE). hexafluoropropene. The introduction of 
small amounts of perfluoroalkylvinylethers in plastomeric polymers implies a higher polymer processability and better 
hot mechanical properties. The introduction of high amounts of perfluorovinylethers In crossllnkable fluoropolymera 
Implies elastomeric properties at low temperature of fluorinated rubbers. 

[0003] The need was felt, in the field of fluorinated polymer materials, to produce elastoamers having improved 
properties at low temperatures. Such properties can generally be expressed by the glass transition temperature Tg. 
[0004] A lower Tg allows to have polymers which can be used at lower temperatures and therefore to have available 
elastomers with a wider use range. To obtain the combination of the above mentioned properties, fluorovinylethers 
must have a high unitary capability to modify the backbone properties, as well as high reactivity to be used as comon- 
omers in elastomeric fluoropolymers. It was desirable to have available vinylethers obtainable by simple processes 
having a limited number of steps. Preferably it would be desirable to have available a continuous process for preparing 
. said vinylethers. 

[0005] To solve the above technical problem, fluorovinylethers having different structural properties, have been pro- 
posed in the prior art. However from the prior art, hereinafter described, various, unsolved problems exist in the per- 
fluorovinylether synthesis and in the preparation of the correspondig polymers having the combination of the above 
mentioned properties. 

[0006] USP 3.132,123 describes the preparation of peri'iuoroalkylvinylethers, of the corresponding homopoiymere 
and copolymers with TFE Homopolymers are obtained under extreme experimental conditions, by using polymeriza- 
tion pressures from 4,000 to 1 8,000 atm. The perf luoromethylvinylether (PMVE) homopolymer is an elastomer: the Tg 
is not reported. 

The general formula of the described vinylethers is the following: 

CF2=CF0R°p , 

wherein BPp is a perfluoroalkyi radrcal preferably from 1 to 5 cartoon atoms. A process for preparing these vinylethers 
is described in USP 3,291 ,843 wherein the starting acylfluoride Is salified and pyrolized with caribonates also In the 
presence of solvents. By this process undesired hydrogenated byproducts are obtained. 
[0007] USP 3,450,684 relates to vinylethers having the formula: 

. CF2=CF0 (CFgCFX^O)^. CFaCFaX^ . 

wherein XO = F, CI, CF3, H and n* can range from 1 to 20. Also homopolymers obtained by UV polymerization are 
reported. The exemplified copolymers are not characterized by their mechanteal and elastomeric properties at low 
temperatures. 

[0008] USP 3,635,926 relates to the emulsion copolymerization of perfluorovinylethers with TFE, showing that the 
presence of -COF acylfluoride end groups makes the polymers unstable. The same phenomenon was already reported 
in USP 3,085,083 in the perfluorovlnylether polymerization systems in solvent. 

[0009] USP 3,81 7.960 relates to the preparation and polymerization of perfluorovinylethers having the formula 

CF30(CF20)„.CF2CF20CF=CF2 

wherein n" can range from 1 to 5. The compound synthesis is complex, it requires three steps. The preparation of the 
starting compound CF30(CF20)n.CF2C(0)F is carried out by oxidation at low temperature In the presence of U.V. 
radiations; besides the condensation with HFPO (hexafluoropropenoxide) and the subsequent alkaline pyrolisis is 
necessary. No characterization data on the above indicated properties are reported. With regard to this see patent 
application DE 19,713.806. 

[0010] USP 3,896.179 relates to the separation of "primary" Isomers of perfluorovinylether, for example of 
CF3CF2CF20CF=CF2 from the corresponding less stable "secondary isomers CF3(CF3)CFOCF=CF2. The latter are 
undesired products as regards both the polymer preparation and the poor properties of the obtained polymers. 
[001 1] USP 4.340.750 relates to the preparation of perfluorovinylethers having the formula 
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wherein R^, is a OyC^ pert luoroalkyi optionally containing oxygen, X^=H, CI, Br. F, COOR^, CONR^R* wh rein R^ is 
5 a Ci-Cio alkyi group and R' represents H or a CyC^Q alkyi group. In the preparation of these compounds an acylfluoride 
together with iodine and tetrafluoroethylene is used, avoiding the final step of the acylfluoride pyroiisis which comes 
from the perfluoro-propene epoxide, by a deiodofluorination reaction, which takes place with low yields. 
[001 2] USP 4,487,903 relates to the preparation of f luoroela-stomeric copolymers using perf luorovinylethers having 
the formula: 

10 

CFg^CF (0CF2CFY°)n®0X^ 

wherein n' ranges from 1 to 4; Y0=F, CI. CF3, H; X2 can be C1-C3 perfluoroalkyi group, C^-C^ co-hydroperfluoroalkyi 
15 group, CyC^ co-chloroperfluoroalkyi group. The polymer has a content of fluorovinylether units content ranging from 
15 to 50% by moles. These vinylethers give copolymers which at low temperatures have better properties than those 
of the above mentioned perfluorovinylethers PVE (perf luoropropylvinylether) and MVE type. In the patent it is disclosed 
that in order to have good properties at low temperature, the presence of at least two ether bonds in the side chain 
adjacent to the double bond Is required. Furthemnore from the patent it results that for n* values higher than 4 ft Is 
20 difficult to purify the monomers and the effect on the decrease of the polymer Tg is lower. Besides the reactivity of the 
described vinylethers is very low and it is difficult to obtain polymers having a high molecular weight able to give good 
elastomeric properties for the indicated applications. 

A TFE/perfluorovinylether copolymer (n*=2) 31/69 % by weight with Tg of -32*C is exemplified. However the polymer 
is obtained with very long reaction times (96 hours of polymerization). Also in this case no characterization data of the 

25 cured elastomer are given. - ■ , 

[0013] EP 1 30,052 describes the perfluorovinylpolyether (PVPE) polymerization which leads to amorphous perfluor- 
opolymers with a Tg ranging from -15 to -lOO'^C. The described polymers have Tg values reaching up to -76'C; the 
further Tg decrease is obtained by using perfluoropotyethers as plastlcizers. In the patent copolymers and terpotymers 
of TFE and MVE with vinylethers (PVPE) having the ifomriula 

30 . 

CF2=GF0 (CF2CF(CF3)0)„"'R^,. 

are described, wherein n'" ranges from 3 to 30 and P9f, is a perfluoroalkyi group. Due to purification difficulties, the 
35 used vinylethers are vinylether mixtures wfth different n"' values. According to said patent the most evident effect on 

theTg decrease is shown when n'" is equal to or higherthan 3, preferably higherthan 4. According to the polymerization 

examples described in said patent the final mass of the polymer, besides the hot and under vacuum treatment, must 

then be washed with freon® TF In order to remove all the unreacted monomer (PVPE). From the Examples it results 

that the reactivfty of all the described monomers (PVPE) is poor. 
40 [0014] USP 4,515.989 relates to the preparation of new intemnediates for the fluorovinylether synthesis. According 

to the patent the vinylether synthesis is improved by using an Intermediate able to more easily decarboxylate. For Its 

preparation fluoroepoxides of formula: 

45 X'CFj-CP- CFj 

\ / 

wherein X^ = CI, Br are used. 

50 [0015] USP 4.766,190 relates to the polymerization of periluorovinylpolyethers (PVPE) similar to those of USP 
4,487,903 with TFE and low perf luoropropene percentages, in order to increase the mechanical properties of the ob- 
tained polymers. 

[0016] EP 338,755 relates to the preparation of perfluorinated copolymers by using direct fluorination of partially 
fluorinated copolymers. More reactive partially fluorinated monomers are used, the obtained polymers are fluorinated 
55 with elemental fluorine. The fluorination step requires a supplementary process unit, besides in this step lemental 
fluorine Is used, which is a highly oxidizing gas. with the consequent precautions connected to its use. Besides in th 
patent it is stated that in order not to compromise the fluorination reaction and the properties of the obtained polymer, 
using the invention process the percentage of the comonomer in the polymer cannot exceed 50% by moles. 
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[0017] USP 5,268,405 reports the preparation of perfluorinated rubbers having a low Tg, by using high viscosity 
perf luoropolyethers as plastlcizers of perfluorinated rubbers (TFE/MVE copolymers). However during the use perfluor- 
opolyether bleeds take place. This is true especially for the the PFPE having a low mol cular weight (low viscosity): 
in said patent, therefore, the high viscosity PFPE use is suggested, and therefore the low viscosity PFPEs must pre- 
5 viousfy be removed. 

[0018] USP 5,350,497 relates to the preparation of perfluoroalkylvinylethers by fluorination with elemental fluorine 

of hydrofluorochloroethers and subsequent dechlorination. 

[0019] USP 5,401 ,81 8 relates to the prepartion of perfluorovinylethers of fomnula: 

, (OCF2CF2CF2)„.-OCF=CF2 

(wherein R^, is a C^-Cg perfluoroalkyi radical and m' is an integer ranging from 1 to 4) and of the corresponding copol- 
ymers having improved properties at low temperature. The preparation of said perfluorovinylethers is carried out by 7 
steps, some of them have very low yields, and comprise also a fluorination with elemental F2. The reactivity of said 
perfluorovinylethers is anyhow low. 

[0020] As it is shown from the above reported prior art, the perfluorovinylether synthesis generally involves a multistep 
process with low yields (USP 3,132,123, USP 3,450,684), with additional purifications to remove undesired isomers 
(USP 3,896,179) and the need to control the undesired hydrogenated by-products (USP 3,291,843). Alternatively, in 
20 the synthesis substances acting as Intermediates, which are suitably prepared, and which allow to eliminate said draw- 
backs (USP 4.340, 750, USP 4,515,989), are used. 

[0021 ] Furthennore in some cases the vinylether preparation requires the fluorination with elemental fluorine of par- 
tially fluorinated intermediates (USP 5,350,497); or, to avoid synthesis and low reactivity problems of the perfluorovi- 
nylethers, fluorination of partially fluorinated polymers (EP 338,755) is suggested. - 
25 [0022] Other problems shown in the prior art relate to the low reactivity of the perfluorovinylethers, which makes it 
necessary the recovery of the unreacted monofners from the reaction products (UK 1 ,51 4,700), and the stability prob- 
lems for the polymers having -C(0)F end groups (UisP 3,635,926). These last can be fiirtheriy transformed by suitable"* 
reactants In order to increase the stability of the fluorinated polymer (EP 1 78,935). 

[0023] Perfluorooxyalkyh/inylethers are furthermore used to confer to the fluorinated rubbers good propertlesat low 

30 temperatures, and specifically to lower the glass transition temperature. 

[0024] By increasing the perfluorooxyalkyi units forming the side perfluorooxyalkyi substituent, the Tg of the respec- 
tive obtainable amorphous copolymers decreases, but at the same time the vinylether reactivity drastically decreases, 
making it difficult or impossible to obtain polymers having a sufficiently high molecular weight for giving to the polymers 
the desired elastomeric properties, and besides nfiaking nribre evident the piroblems previously shown for the recovery 

35 of the unreacted monomer from the polymerization products orfrom the polymer itself (USP'4,487,903 - EP 130,052). 
In some cases, where the monomer cannot be completely removed by simple stripping under vacuum, more washings' 
must then be carried out with fluorinated solvents for completely eliminating the unreacted vinylether from the polymer 
mass. 

[0025] The amorphous copolymers of TFE with perfluoromethylvlnylether have a Tg around 0*C or slightly lower 
40 (Maskornik, M. et al. "ECD-006 Fluoroelastomer - A high perfomnance engineering material". Soc. Piast Eng. Tech. 
Pao. (1974). 20, 675-7). • 

[0026] The Tg extrapolated value of the MVE homopolymer is of about -5*C (J. Macromol. Sci.-Phys., B1 (4), 81 5-830. 
Dec. 1967). 

[0027] In USP 5,296,61 7 and 5,235,074 there Is described the hypofluorite CF2(OF)2 reactivity towards unsaturated 
45 products, which contemporaneously leads to the fonnation of the dioxolane derivative and to the fluorination compound 
of the olefin itself. In EP 683,1 81 there is described the CF2(0 F)2 reactivity towards olefins which leads to the formation 
of linear reaction compound between one hypofluorite molecule and two molecules of the same olefin, for the prepa- 
ration of symmetric dienes. 

[0028] More specifically fluoroelastomers, suitable to the preparation of O-rings, based on monomeric units deriving 
50 from vinylidenfluoride (VDF), hexafluoropropene (HFP), perfluoroalkylvinylethers (PAVE) such as for example methyl- 
vinylether. and optionally tetrafluoroethylene (TFE), which are curable by ionb route, have high elastomeric properties 
at low and high temperatures and show good processability, e.g. increased mould release after curing (see USP 
5,260,393). Said fluoroelastomers show Improved properties with respect to the copolymers formed by VFD and HFP 
units, used in the 0-ring preparation. In fact said last copolymers show good hot properties, but poor properties at low 
55 temperatures. 

[0029] It is also known that fluoroelastomers having better cold properties are those based on VDF, PAVE and op- 
tionally TFE units, curable by radical route with peroxides and crossllnking agents. 

[0030] By this kind of crossllnking, however, the process for producing manufactured articles is more complex with 
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respect to the crosslinking of ionic type. 

[0031] Ftuoroelastomers based on monomeric units deriving from vinyltdenfluoride (VDF), which are curabi by Ionic 

route and suitable for the production of shaft seals and fuel hoses (see USP 5,260,392), are also known. 

[0032] As it is known, the preparation of such manufactured articles requires elastomers having an optimal combi- 
5 nation of the following properties: good resistance properties to motor oils and/or petrols, good resistance properties 

at high temperatures as well as good cold behaviour and in particular, for the manufactured articles as shaft seals, 

good processability in both compression and Injection moulding and also good curing rate. . 

[0033] It is known to use for such manufactured articles fluoroelastomers fomied by monomeric units of VDF, per- 

fluoroalkylvlnylethers (PAVE) and tetrafluoroethylene (TFE). 
10 [0034] Said copolymers have good properties at low temperatures, however they show the drawback to be curable 

only by peroxidic route, with all the drawbacks due to said curing method, such as for example the need to carefully 

control the temperatures in the compounding operations, the short scorch and thennal activation times. 

[0035] Fluoroelastomes having an Improved processability and very good mechanical and elastte properties curable 

both by ionic and peroxidic route, are also known. 
15 [0036] It is also known that an improvement in the fluoroelasomer processability is obtainable by suitably mixing 

polymers having a different molecular weight distribution. This inevitably implies, besides swelling phenomena after 

extrusion, a worsening in the mechanteal properties and in the final product mouldability. 

[0037] Said fluoroelastomers show an improved processability, especially during the blend calendering, combined 
with very good mechanical and wortcability properties during the extrusion and the injection moulding, together with a - 
20 very good mould release. These fluoroelastomers are obtained by introducing in the polymer chain small amounts of . 
a bis-oiefin (see USP 5,585,449). 

[0038] The above described fluoroelastomers have however the drawback to show at low temperatures properties 
not yet able to satisfy the most urgent requirements of resistance at low temperatures, such as for exmaple in car 
industry, wherein materials are required having the combination of the following properties: 

25 • ' . .V, ■ . - • 

chemcal resistance to petrols additived with alcohols or l\^BTE or Other polar compounds, 

high resistance at low temperatures such as for example shown by TR 10 (ASTM D 1329 method), ' * . 

very low Tg, 

- maintenance of good elastomeric properties, such as for example mechanical and sealing properties, in particular % 
30 at high temperatures. . . . - 

[0039] The Applicant has surprisingly and unexpectedly found that it is possible to solve the above technical problem 
as described hereinafter, by using special f luorovinylethers, which are furthermore easily synthetizable and obtainable . 
by a continuous jsrocess." ' ^ ■ ' X 

35 [0040] An object of the present invention are fluoroelastonners comprising in the polymer chain units deriving from € 
fluorovinylethers of general formula: f 

CFX^CXOCFgOR (I) 

40 

wherein 1^ is a C2-C6 linear, branched or Cg-Cg cyclic (per)fluoroalkyt group, or a Cg-Cg linear, branched (per)fluoro 
oxyalkyi group containing from one to three oxygen atoms; when R is a fluoroalkyi or fluorooxyalkyi group as above 
defined it can contain from 1 to 2 atoms, equal to or different from each other, selected from the following: H, CI, Br, I; 



45 

X = F. H. 



[0041] The fluorovinylethers of general formula: 



CFX=CXOCF20CF2CF2Y (II) 



wherein Y = F, OCf^; X as above defined, are prefered among the compounds of fomiula (I). 
[0042] The perfluorovinylethers of fonmula: 

55 



CFa^CFOCFgOCFgCFiY (Ml) 
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wherein Y is as above defined, are furtherly preferred. 
[0043] The perfluorovinylether having the formula: 

CF2=CFOCF20CF2CF3 (iV) 

is still furtherly prefered. 

[0044] Surprisingly, the vlnylethers according to the invention show the advantages reported hereinafter with respect 
to the known vinylethers. 

[0045] The obtainable advantages can be attributed to the -OCFgO- unit directly bound to the ethylene unsaturation. 
[0046] The Tg lowering obtained with the vinylethers of the invention is connected to the presence of the (-OCF2O-) 
unit directly bound to the unsaturation. The Tg lowering is surprisingly so evident to be defined a primary effect. 
[0047] In fact if the vinylether of the invention with two oxygen atoms is used: 

CF2=CF-0-CF2-0-CF2CF3 (MOVE 1) 

the Tg lowering, In copolymers with TFE having vinylether percentages of about 46% by weight Is of 35°C with respect 
toPVE 

CF2=CF-0-CF2CF2CF3 (PVE) 

and of 15*C with respect to the vinylether having the same fomriula, but with the second oxygen atom in a different 
position and without showing the characterfetic unit (-OCF2O-) 

CF2=CF-0-CF2CF2-0-CF3 (p-PDE) . :vir 

[0048] It is still more surprising to notice that with respect to MVE 

CF2=CF-0-CF3 

the p-PDE vinylether does not give any advantage as regards Tg. 

[0049] On the contrary the primary effect of the (-OCF2O-) unit results very clear with the vinylethers of. the invention 
(MOVE). 

[0050] it has been found that the (>0CF20-) unit bound to the ethylene unsaturation of the vinylethers of the invention 
increases the vinylether reactivity, reducing the rearrangements to COF which cause instability. 
[0051] The advantages of the polymerB of the invention can be summarized as follows: 

- The reactivity of the new monomers allows to prepare copolymers having a very low content of cariDoxylic groups 
or derivatives thereof such -C(0)F, -G00-. The carboxyiic group content in the copolymer with TFE has resulted 
of about 1 0 times lower than that of a copolymer prepared under the same conditions but using PVE instead of . 
fluorovinylethers (see the Examples). As said, the presence of a lower content of carboxyiic groups, or of the 
corresponding derivatives (amides, esters, etc.) allows to obtain more stable polymers. 

The reactivity of the monomers of fonnula (I) is surprisingly high (see the Examples). 

To obtain amorphous polymers the amount of the vinylether of the invention must be such to lead to the disap- 
pearance of the crystalline domains. The sicilled man in the art can easily find the amount of the vinylethers of the 
invention which is required for obtaining said results. Generally the amount of the vinylether for obtaining amor- 
phous polymers is higher than 10% by moles, preferably in the range from about 15 to 20% by moles, or higher 

- The properties at low temperature (Tg) of the polymers of the invention result clearly better with respect both to 
copolymers having the same MVE content (see the Examples) and also, surprisingly, with respect.to copolymers 
where the perfluorovinylether, the oxygen atoms being equal, does not show the -OCF2O- group directly bound ' 
to the unsaturation, as in the case of the CF2=CFOCF2CF20CF3 (P-PDE) (see the Examples). 

• A further advantage of the fluorovinylethers (t) of the invention, as hereinafter Illustrated, consists In that their 
preparation is earned out in a continuous plant by a limited number of steps. Furthemnore the used raw materials 
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are cheap. The following ones can for example be mentioned: 

CF2{OF)2, CF2=CF2. CF2=CFOCF3. CHCI=CFCI, CFC!=CFCI, 
CF2=CFCI. CF2=CFH, CF2=CH2, CHCI=CHCI and other olefins. 

5 

The use of these reactants Is specified in the synthesis process of the vinylethers of the invention. 

[0052] The copolymers of the Invention are obtainable by polymerizing with the suitable comonomers the fluorovl- 
nylethers of general formula (I)- (IV). To obtain the fluoroelastomers of the invention the amount of the comonomers 
w of fonmula (l)-(iV) used in the comonomer mixture is such to lead to the disapperance of the crystalline domains. 
Generally the amount is higher than 1 0% by moles. 

[0053] With copolymer, a polymer containing the vinylether of the invention and one or more comonomers, Is meant. 
[0054] With comonomers, fluorinated compounds having at least one polymerlzable double bond C=C. optionally 
containing in the molecule hydrogen and/or chlorine and/or bromine and/or iodine and/or oxygen, are meant, said 
15 comonomers being able to produce (co)polymers in the presence of radical initiators. 

[0055] Optional comonomers which can be copolymerized are non fluorinated C2-C8 olefins, such as ethylene, pro- 
pylene, isobutylene. 

[0056] Among the usable comonomers the following can be mentioned: 

20 - C2-Cq perfluoroolefins, such as tetrafluoroethylene (TFE), hexafluoropropene (HFP), hexafluorpisobutene; 

- Cj-Cg hydrogenated fluoroolefins. such as vinyl fluoride (VF), vinylidene fluoride (VDF), trif luoroethylene, CH2=CH- 
R2j perfluoroalkylethylenes wherein R2, is a Ci-Cg perfluoroalkyi; 

Cj-Cg chloro- and/or bromo- and/or lodo-fluoroolefins, such as chlorotrif luoroethylene (CTFE) and bromptrifluor- 
oethylene; 

25 - CF2=CF0R2, {per)fluoroalkylvinylethers (PAVE), wherin R2| Is a C^-Ce (per)fluoroalkyl, for example trif luoromethyl, 
bromodifiuoromethyl or heptafluoropropyl; 

- CF2=CF0Xa (per)fluoro-oxyalkylvinylethers, wherein is a C1-C12 alkyi, or a C1-C12 oxyalkyl. or a C1-C12 (per) 
fluorooxyalkyi having one or more ether groups, for example perfluoro-2-propoxy-propyl. • "■ 

. sulphonic monomers having the structure CF2=CFOX*'S02F, wherein X** = CFaCFa. CFgCFaCFg, CF2CF(CF2Xc) 
30 wherein X«== F, CI, Br. 

a bis-olefin having the general formula 

. r'iR'2C=CR?3-Z-CR'4=CR*5R'6 (IA) 

35 

wherein 

R'l. R'2t R's. R'e eP"^l to or different from each other, are H or C^-Cg alkyls; 

Z Is a C^-C^a ''i^^ar or branched alkylene or cycloalkylene radical, optionally containing oxygen atoms, pref- 
40 erably at least partially fluorinated, or a (per)fluoropolyoxy-allcylene radical. 

In the formula (IA), Z is preferably a C4-C12 perfluoroalkylene radical, while RV R'2. R'a. RU. R*5« R*6 are 
' preferably hydrogen. 

^ [0057] When Z is a (per)fluoropolyoxyallcylene radical, It preferably has the fonnula: 

.(Q)p.CF20-(CF2CF20)^(CF20)^.CF2-(Q)p- (IIA) 

wherein: 

Q is a C^-C^o all^lene or oxyalkylene radical; 
p is 0 or 1 ; 

ma ed na are Integers such that the ma/na ratio Is comprised between 0.2 and 5 and the molecular weight of said 
^ {per)f luoropolyoxyalkylene radical is in the range from 500 to 1 0,000, preferably from 1 ,000 to 4,000. Preferably, 
Q is selected from the following groups: 
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-CHaOCHj-; -CHgOCCHgCHgO) 3CH2-, 



with s = 1-3. 



[0058] The bis-olefins of formula (lA) wherein 2 is an alkylene or cycloalkylene radical can be prepared according 
to what described, for example, by LL. Knunyants et al. in Izv. Akad. Nauk. SSR, Ser. Khim. 1964(2), 384-6, while the 
bis-olefins containing (per)fluoropolyoxyalkylene sequences are described in USP 3,81 0,874. 
[0059] The amount of units in the chain deriving from said bis-oleflns is generally in the range 0.01 -1 .0 by moles. 
[0060] The above Indfcated comonomers, polymerizable with perf luorovlnytethers, can be used separately or in ad- 
mixture with other comonomers. 

[0061] The base structure of the fluoroelastomer can in particular be selected from: 

(1) copolymers based on VDF, wherein the latter is copolymerized with at least one comonomer selected from- 
C2-C8 perfluoroolefins such as tetrafluoroethylene (TFE), hexafluoropropene (HFP); C2-C8 chloro- and/or bromo- 
and/or iodo-fluoroolefins, such as chlorotrifluoroethyethylene (CTFE) and bromotrifluoroethylene; CFg^CFOR*, 
(per)fIuoroallcylvrnylethers (PAVE), wherein R»f is a OyC^ (per)fluoroaIkyl, for example trifluoromethyl. bromodif- 
luoromethyl, pentafluorppropyl; CF2=CF0Xt perf luorooxy alky Ivinylethers, wherein is a CyC^2 perfluorooxyalkyi 
having one or more ether groups, for example perfIuoro-2-propoxy-propyl; Cg^Cg non fluorinated olefins (01). for 
example ethylene and propylene; 

(2) copolymers based on TFE. where the latter is copolymerizedWith at least one comonomer selected from: 
CFg-CFOR^, {per)f luoroalkylvinylethers (PAVE), wherein R*, is as above defined; CF=2=CF0X« perfluorooxyalkylvi- 
nylethers, wherein X* is as above defined; C2-C8 fiuoroolefins containing hydrogen and/or chlorine and^or bromine 
and/or iodine atoms; C2-C8 non fluorinated olefins (01). 

[0062] Inside the above defined classes of fluoroelastomers, preferred base monomeric compositions (by moles) 
are the following: 



VDF 


45-85 


HFP and/or PAVE 


0-45 


TFE 


0-30 


MOVE 


1-45, preferably 5-40 


01 


0-40 



the sum of HFP+PAVE+MOVE being at most 45% ; 



TFE 


50-85 


PAVE 


0-50 


MOVE 


1-50, preferably 5-40 


01 


0-40 



the sum of PAVE+MOVE being at most 50. 
[0063] The fluoroelastomers of the Invention are preferably cured by peroxldfc route. 

[0064] When they are cured by ionic route, the preferred compositions (expressed by moles) are the following when 
the fluoroelastomer is used for the 0-rmg preparation: 



VDF 


48-65 


HFP 


20-35 


PAVE 


0-6 


TFE 


0-20 


MOVE 


3-9 



the sum PAVE + MOVE lower than or equal to 1 0% by moles. 
[0065] For the use of fluoroelastomers for obtaining shaft seals or fuel hoses the following compositions (by moles) 
are preferred: 
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VDF 


30-47 


HFP 


20-40 


PAVE 


0-17 


TFE 


10-30 


MOVE 


3-20 



the sum PAVE+MOVE lower than or equal to 20% by moles, 
f 0 [0066] In the case of fluoroelastomers curable by peroxldlc route, it Is preferable to add small amounts of a bls-olefin 
as above mentioned. 

[0067] In order to reach a good curing degree it is suitable to use fluoroelastomers containing reactive sites, i.e. 
iodine and/or bromine in chain, preferably iodine (cure site monomer). 
[0068] Also an iodinated and/or bromlnated transfer agent can be used. 
^5 [0069] The process for the preparation of fluorinated polymers according to the present Invention can be carried out 
by polymerization in organic solvent as described in USP 4,864,006 and 5,1 82,342, herein incorporated by reference.. 
The organic solvent is selected from the group comprising chlorofluorocarbons, perfluoropolyethers, hydrofluorocar- 
bons and hydrofluoroethers. 

[0070] Altematively the preparation of fluoroelastomers of the present invention can be cam'ed out by copolymeri- 

20 zation of the monomers in aqueous emulsion according to well known methods in the prior art, in the presence of 
radical initiators (for example alkaline or ammonium persulphates. perphosphates, perborates or percarbonates), op- 
tionally in combination with ferrous, cuprous or silver salts, or of other easily oxidizable metals. In the reaction medium 
also surfactants of various type are usually present, among which the fluorinated surfactants of fomiula; ' ^ 

are particularly prefen-ed, wherein R^, is a C5-C16 (per) fluoroalkyl chain or a (per)fluoropolyoxyalkyl chain, X" is -COO- 
or -303-, M+ is selected ifrom: H+, NH4.+, an alkaline metal ion. Among the most conrimonly used, ammonium per-. 
30 fluorooctanoate, (per)fluoropolyoxyalkylenes ended with one or more carboxylic groups, etc. can be mentioned. 

See USP 4,990,283 and USP 4,864.006. 

[0071] At the end of the polymerization, the fluoroelastomer is separated from the emulsion by conventional methods. . 
35 such as coagulation by addition of electrolytes or by cooling. 

[0072] Altematively, the polymerization can be can-ied out In bulk or In suspension, in an organic liquid where a 
radical initiator is present, according to well known techniques. 

[0073] The polymerization reaction is generally earned out at temperatures comprised between 25*C and 160*0, 
under pressure up to 10 MPa. 

40 [0074] The preparation of the fluoroelastomers of the present invention is preferably earned out in aqueous emulsion 
in the presence of an emulsion, dispersion or microemuision of perf luoropolypxyalkylenes, according to USP 4.789,71 7 
and USP 4.864.006. 

[0075] The fluoroelastomers of the present Invention are preferably cured by peroxidte route, wherefore they pref- 
erably contain in the chain and/or in tenninal position of the macromolecules iodine and/or bromine atoms, preferably . 

45 iodine. The Introduction of such iodine and/or bromine atoms can be carried out by addition, in the reaction mixture, 
of bromlnated and/or iodinated cure-site comonomers, such as bromo and/or lodo olefins having from 2 to 10 carison 
atoms (as described for example in USP 4,035,565 and USP 4,694,045), or iodo and/or bromo fluoroalkylvinylethers 
(as described in patents US 4,745,1 65, US 4.564,662 and EP 1 99,138). in amounts such that the content of cure-site 
comonomers in the final product is generally in the range 0.05-2 moles for 1 00 moles of the other base monomeric units. 

so [0076] Altematively or also in combination with cure-site comonomers, it is possible to introduce iodine and/or bro- 
mine end atoms by addition to the reaction mixture of iodinated and/or bromlnated chain transfer agents, such as for 
example compounds of formula R^(l)x(Br)y, wherein R^, is a (per)fIuoroalkyl or a (per)fluorochloroalkyl having from 1 
to 8 carbon atoms, while x and y are integers comprised between 0 and 2, with 1^ x+y < 2 (see for example patents 
US 4,243,770 and US 4,943.622). 

55 [0077] It is also possible to use as chain transfer agents iodides and/or bromides of alkaline or alkaline-earth metals, 
according to USP 5,173,553. 

[0078] Altematively or in combination with the chain transfer agents containing iodine and/or bromin , oth r chain 
transfer agents known In the prior art, such as ethyl acetate, diethylmalonate. etc., can be used. 
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IS 



20 



25 



30 



35 



40 



45 



[0079] Curing by peroxidlc route is carried out, according to known techniques, by addition of a suitable peroxide 
able to generate radicals by heating. 

[0080] Among the most commonly used we remind: dlall^lperoxldes. such as for example di-terbutyl-peroxlde and 
2.5-dimethyl-2,5-di(terbutylperoxy)hexane; dicumyl peroxide, dibenzoyi peroxide; diterbutyl perbenzoate; di-[1 S-dime- 
thyl-3-(terbuty!peroxy)butyl]carbonate. Other peroxidlc systems are described, for example, in European patent aoDll. 
cations EP 136,596 and EP 410,351. y^xi^m^ppii 

[0081] To the curing blend other compounds are then added, such as: 

(a) curing coagents, in amounts generally in the range 0.5-10%, preferably 1-7%, by weight with respect to the 
polymer: among them: triallyl^an urate, triallylisocyanurate (TAIC). tris(diallylamine)-s.triazine: triailylphosphite- 
N.N-diailyl-acrylamide; N.N.N'.N'-tetraallyl-malonamide; tri-vinyl-isocyanurate; and 4.6-trl-vinyl-methyltrisiloxane' 
etc. are commonly used: TAIC is particularly prefen-ed; 

(b) a metal compound, in amounts in the range 1-15%. preferably 2-10%, by weight with respect to the polymer 
selected from oxides and hydroxides of divalent metals, such as for example Mg, 2n. Ca or Pb, optionally combined 
With a weak acid salt, such as for example stearates. benzoates. carbonates, oxalates or phosphites of Ba, Na. 
K, Pb, Caj 

(c) other conventional additives, such as thickeners, pigments, antioxidants, stabilizers and the like. 

[0082] The fluoroelastomers of the present invention can be cured by ionic route. Suitable well known in the art curind 
and accelerating agents are added to the curing blend, besides the above mentioned products at points (b) and (c) 
For example, as curing agents aromatic or aliphatic polyhydroxylated compounds, or derivatives thereof can be used 
as described for example In EP 335,705 and USP 4.233;427. Anriong them it can in particular be mentioned- di- tri- 
and tetrahydroxybenzenes, naphthalenes or anthracenes; bisphenols wherein the two aromatic rings are linked each 
other by an aliphatic, cycloaliphatk: or aromatic bivalent radical, or by one oxygen or sulphur atom, or also one cariaonyl 
group. The aromatte rings can be replaced with one or more chlorine, fluorine, bromine atoms, or with carbonyl. alkyi; 

[0083] As accelerants it can for example be used: ammonium, phosphonium. arsonlum or antimony.quatemary salts 
(see for example EP 335,705 and USP 3,876.654); amino-phosphonium salts (see for example USP 4 259 463)- phos^ 
phoranes (see for example USP 3,752,787); the iminic compounds described in EP 1 82,299 and EP 1 20,462- et6 Also 
adducts between an accelerant and a curing agent can be used, see patents US 5,648,429, US 5,430 *2^1 US 
5,648,430 herein incorporated by reference. ' ' : '3?^ * 

[0084] It is also possible to use systems of mixed, both Ionic and peroxidlc, curing, as described in EP 136"S96 ' 
[0085] The synthesis process of the new (per)fluorovinylethers. whteh comprises the reaction of the hypof luorite with 
a fluorinated olefin of fonnula RiR2C=CR3R4 to give the intenmediate hypofluorite F-CR1R2-CR3R4.OCF2OF, the sub- 
c^oD^ D °^ ^^'"^ compound with a second fluorinated olefin of fomiula RsRgC^CR^RQ to give the intemiediate 

F-CRi R2-CR3R4-OCF2O-CR5R6-CR7R8.F which by dehalogenation or dehydrohalogenation leads to the new oerfluor- 
ovlnylethers. . • . • . 

[0086] The general scheme of the synthesis is the following: 

a) CF2(OF)2 + Ri R2C=CR3R4 ^ F-CR^ R2-CR3R4-OCF2OF (Vl) 



b) F-CR1R2-CR3R4-OCF2OF+ R5ReC2=C^R7R, 



F-CRi Ra-CRgR^-OCFaO-C^RsRe-C^ R^Rg-F 

5^ C)- F-CR,R3-CR3R4-OCF,0-C^RsR,-C%R3-F 5f .^f.^^^^"^ ' ^ 

/dehydrohalogen . 

CFX^CXOCPaOR (I) 



{VII) 



55 



[0087] in this synthesis scheme: 

- with reference to the fomiula of the compound (VII) : 
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Ri . R4, equal or different, are H, F; R2. R3, equal or different are H, C! under the following conditions: (1 ) when 
the final reaction is a dehalogenation R2> R3 = CI, (2) when the final reaction is a dehydrohalogenation one of 
the two substituents R2. R3 is H and the other Is CI; 

5 - R5, Rg, Ry, Rg are : 

F, or one of them is a C1-C4 linear or branched perfluoroalkyi group, or a C^-C4 linear or branched perfluorooxy- 
alkyl group containing from one to three oxygen atoms, or R5 and R7, or Rg and Rg, are linked each other to 
fonm with C2 and C^ a Cs-Cg cycle perfluoroalkyi group; 

10 . when one of the R5 to Rg radicals is a C2-C4 linear or branched fluoroalkyi, or a C2-C4 linear or branched 

fluorooxyalkyi containing from one to three oxygen atoms, one or two of the other R5 to Rg are F and one or 
two of the remainders, equal to or different from each other, are selected from H, CI, Br, Iodine; when the 
substituents selected from H, CI, Br, Iodine are two, they are both linked to the same carbon atom; when Rg 
and R7, or Rg and Rg, are linked each other to fomri with C^ and C^ a Cg-Cg cycle fluoroalkyi group, one of the 

15 two free substituents Rg, Rg or Rg. R7 Is F and the other is selected from H. CI, Br, Iodine. 

• the fluoroalkene used in the reaction a)' is replaceable with that of the subsequent reaction b); in this case the 
meanings defined for the substituents of the R^-R4 group, and respectively of the Rg-Rg group, are interchangeable 
each other, with the proviso that the position of each radical of each of the two groups R^ - R4 and Rg-Rg with respect 
20 to -OCF20-on the chain of the intermediate compound (VII), is the same which is occupied if the synthesis takes 

place according to the above reported scheme and the two olefins each react In the considered steps, 

[0088] In the first reaction a) of the above illustrated scheme a hypofluorite gas flow CF2(OF)2. suitably diluted with 
an inert fluid, comes into contact, in a suitable reactor with outlet, on the bottom of the same (first reactor), with a flow 

25 of the RiR2C=CR3R4 olefin, optionally diluted in an Inert fluid, so as to atlow the chemical reaction a) with fomiation 
of the intermediate hypofluorite (VI). To favour the reaction stoichiometry. the reactants must be introduced. Into the 
reactor in an approximately unitary molar ratio, or with an excess of CF2(OF)2. The residence time of the mixture in 
the reactor can range frorn few hundredths of second up to about 120 seconds depending on the olefin reactivity, the 
reaction temperature and the presence of optional reaction solvents. 

30 [0089] The reaction temperature can range from -40* to -150*C, preferably from -80* to -130*C. 

[0090] The compound (VI) usually is not separated from the reaction product and It is transfenred in a continuous 
way to the subsequent reaction described in step b). 

[0091] The mixture of the products coming out from the first reactor can be heated at room temperature before being 
fed into the second reactor. 

35 [0092] In the second reaction b) the second olefin RgRgC^CRyRg pure or in solution, reacts with the product obtained 
in the first reaction with formation of compound (VII). 

[0093] The olefin can be fed In a continuous way, so as to maintain Its concentration constant in the reactor. The 
temperature of the reaction b) can range from -20"* to - 1 30*C, preferably from -50* to -1 00*C. The olefin concentration 
is higher than or equal to 0.01 M, preferably the concentration is higher than 3M, more preferably also the pure com* 
40 pound can be used. 

[0094] The solvents used in steps a) and b) are perfiuorinated or chlorohydrofluorinated solvents or hydrofluorocar- 
bons. Examples of said solvents are: CF2CI2, CFCI3, CF3CF2H. CF3CFH2, CF3CF2CF3, CF3CCI2H. CF3CF2CI. 
In the reaction c) the compound (VII), dependently on the olefins used in steps a) and b), after distillation from the 
reaction product, is subjected to dechlorination or to dehydrochlorinatlon to obtain the vinylethers of fomnula (1). This 

45 last step can be carried out by using reactions widely described In the prior art. The suitable selection of the substituents 
R^ to Rg in the two olefins used In the synthesis allows to obtain the vinylethers of the present invention. 
[0095] Another object of the invention Is a process wherein a hypofluorite of fomiula X^X2C(OF)2 wherein and X2 
equal or different are F, CF3. and two fluoroalkenes of formula respectively RA^RA2C=CRA3RA^ and 
H\H\C=CR\H\, wherein R^^-RAq equal or different, are F, H, CI, Br, I, -CF2OSO2F, -SOgF, -COF, C^-Cg linear or 

50 branched perfluoroalkyi or oxyperfluoroalkyi group, are reacted according to steps a) and b), excluding the dehalogen- 
ation or dehydrohalogenation step, to obtain compounds of general fomnula (VIII) 

F-CR'^ 1 R^ 2-CR'^3R'^4-0CF20-CR'^5R^6-CR^ tR^b-F- 

55 

[0096] The following Examples are reported with the purpose to illustrate the invention and they do not limit the scope 

of the same. 

[0097] In the Examples the thermogravimetric analysis TGA is earned out by using a 10'*C/min rate. 
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EXAMPLE 1 

Synthesis of CF^CFgOCFgOCFCICFgCI perfluorO'1'2.dichloro-3.5-dloxaheptane. 

[0098] The used reactor is of cytindrlcai type, with a total volume of 300 ml and is equipped with magnetic dragging 
mechanical stln-er, turbine with recycle of the reacting gas placed at 20 cm from the reactor top, Internal thermocouple, 
two internal copper pipes for the reactant feeding which end at about 1 mm from the turbine, and product outlet from 
the bottom. In the reactor, inside which the temperature is maintained at -114'C, 1 .1 l/h (litres/hour) of CF2(OF)2 and 
3.3 l/h of He are introduced through one of the two inlet pipes; A flow of 1 . 1 l/h of CF2=CF2 and 0.7 l/h of He is maintained 
through the second Inlet pipe. Feeding is continued for 6.6 hours. 

[0099] The residence time of the transport gas in the reaction zone comprised between the outlet of the two feeding 
pipes in the reactor and the inlet of the discharge pipe is of about 4 sec. 

[0100] On the reactor bottom the reaction products are brought to room temperature and the gaseous mixture flow, 
monitored by gaschromatography, is fed in a continuous way, under mechanical stirring, Into a second reactor having 
a 250 ml volume maintained at the temperature of -70**C, equipped with mechanical stirrer, thennocouple. dipping inlet 
for the reacting mixture, outlet with head of inejt gas. The reactor contains 72.6 g of dichlorodifluoroethylene CFChCF- 
Cl. 

[0101] At the end of the addition of reacting gases into the second reactor, the reaction raw material is distilled by a 

plate column at atmospheric pressure, collecting 41 .5 g of the desired product (boiling point 91 *C). 

[0102] The yield of perfluoro-1 ,2 dichloro-3,5-dioxaheptane, calculated with respect to CF2(OF)2, is of 36%. 

Characterization of perfluoro 1.2. dichloro-S.S-dioxaheptane. . 

[0103] Boiling point at atmospheric pressure: 9rc. 

^^F-NMR spectrum in p. p.m. (with respect to CFCI3 = O): 

-51 .3/-53.0 (2F, O-CF2-O); -70;6/-72.6 (2F, C-CFgCI); -78.0/-78.4 (1 R 0-CFCI-C) ; -87.8 (3F, CFa-C); -90.2/- 
91.8 {2F, C-CF2-O). ' ' - 

[0104] Mass spectrum (E.I. electronic impact), main peal<s and respective intensities: - : 

69 (48.6%) ; 119 (84.3%) ; 151 (76.8%); 153 (69.8%); 185 (100%). * 
[0105] IR spectrum (cm-'*) intensity : (w)=:weal<, (m) =medium, (s)=strong, (vs)=very strong: :~^r:: .- 

1 407.3 (w); 1 235.8 (vs); 1 1 77.7 (vs); \ 097.5 (vs); 1 032.2 (s) ; 929.3 (w) ; 847.9 (m). ' : 

EXAMPLE 2 . . ; 

Synthesis of CF ^ OCFpCF^OCF^OCFCICF^CI perfluoro-1 .2-dichloro-3,5,8-trioxanonane (isomer A) and of CF^OCF 
(CF^)OCF^QCFClCF^T;i perfluoTo-1 ,2-dlchToro-3,5,7-trioxa-6-methyloctane (isomer B) - " 

[0106] In a reactor identical to that used In Example 1 , maintained at the same temperature of -114®C, 1 .55 I/h of 
CF2(OF)2 and 4.5 l/h of He are introduced through one of the two inlet pipes; through the second inlet pipe 1.4 t/h of 
CF2=CF-OCF3 and 0.7 l/h of He for 4.5 hours. 

[0107] The residence time of the transport gas in the reaction zone comprised between the reactor outlet and the 
end of the two feeding pipes is of about 3 sec. 

[0108] On the reactor bottom the reaction products are brought to room temperature and the gaseous mixture flow, 
monitored by gaschromatography, is fed in a continuous way, under mechanical stirring, into a second reactor identical 
to the one used for the same step in Example 1 . Inside, where a temperature of -70*C is maintained, there are 51 g 
of dichlorofluoroethylene CFCI=CFCI. 

[0109] At the end of the addition of the reacting gases into the second reactor, the reaction raw material is distilled 
by a plate column at the reduced pressure of 250 mmHg. 50 g of a mixture formed by two isomers, respectively isomer 
A) perfluoro-1 ,2-dichloro-3,5,8-trioxanonane and isomer B) perfluoro-1 ,2-dichloro-3,5,7-trioxa-6-methyloctane are col- 
lected. The mixture composition is detemiined by gaschromatography and is the following: isomer A 79%, isomer B 
21 %. The molar yield of A+B with respect to the used CF2(OF)2 is 38%. The molar yield of A+B with respect to the 
used perfluoromethylvinylether is 42%. The isomers have been separated by preparative gaschromatography. 

Characterization of products A and B 

[01 1 0] Mixture boiling point (A 79%, B 21 %) at the reduced pressure of 250 mmHg: 82'C. 
[0111] 19F-NMR spectrum in p.p.m. (with respect to CFCl3=0) of the isomer A: 

-50.6/-52.4 (2F, O-CF2-O) ; -70.0/-71 .8 (2F,cC-CF2CI) ; -77.7 (1 F, O-CFCI-C) ; -55.3/-56.6 (3F. CF3-OC) ; - 
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90.7/-91 .1 (2F, C-0CF2-C) ; -90.2/-90.6 (2F, C-OC-CFgOCOC). 
[0112] ^^F-NMR spectrum in p.p.m. (with respect to CFCIs^O) of isomer B: 

-50.0/-62.1 (2F. O-CFg-O) ; -70.0/.71.8 (2F. C-CF2CI) ; -77.9 (IF, O-CFCI-C); -54.6/-54.9 (3F, CF3OC) : - 
85.7/-86.1 (3F, 0C(CF3)0) ; -100.3/-101.0 (IF. OCF{C)0). 
5 [0113] Mass spectrum (electronic impact), main peaks and respective intensities: 

Product A: 69 (50) ; 119 (100) : 151 (50) ; 186 (42) ; 261 (38) ; 
Product B: 69 (96); 97 (60) ; 135 (42); 151 (92) ; 185 (100). 

10 [0114] IR spectrum (cm-''), Intensity of the mixture A 79%, B 21%: 
(w)=weak, (m)=medium, (s)=strong, (vs)=very strong: 

1388 (w) ; 1288 (vs) ; 1233 (vs) ; 1151 (vs) ; 1104 (vs) ; 1032 (s) ; 846 (m) ; 685 (w) . 
EXAMPLE 3 

IS 

Synthesis of CF^OCFqCFoOCFoOCHCICHFCI perfluoro-1 .2-dichloro 1 .2-dihydro-3.5,8-trioxanonane (isomer C) and 
of CFqOCF(CF J OCF^^OCHCiCHFCI perfluo'ro-1 .2'dichloro-1 ,2-dihydro-3.5,7-trioxa-6-methyloctane (isomer D). 

. [01 15] In a reactor identical to that used in Example 1 , maintained at the temperature of -1 1 2''C, 1 .55 1/h of CF2(OF)2 
20 and 4.5 I/h of He are Introduced through one of the two inlet pipes; through the second inlet pipe 1 .4 l/h of CF2=CF- 
OCF3 and 0.7 l/h of He for 5 hours. 

[0116] The residence time of the transport gas in the reaction zone comprised between the reactor outlet and the- 
end of the two feeding pipes is of about 3 sec. 

[0117] On the reactor bottom the reaction products are brought to room temperature and the gaseous mixture flow, 

25 monitored by gaschromatography, is fed in a continuous way, under mechanical stirring, into a second reactor Identical 
to the one used for the same step in Example 1 . Inside, the temperature is of -70*C and there are 50 g of 1 ,2:<lichlo- 
roethylene CCIH=CCIH and 50 g of CFCI3. 

[0118] At the end of the addition of the reacting gases into the second reactor, after distillation of the solvent at room 
pressure, the reaction raw material is distilled by a plate column at the reduced pressure of 100 mmHg. 43.5 g of the 
30 mixture of the desired products (isomer C 78%, isomer D 22%, determined by gaschromaography) are collected. The - 
molar yield of C+D with respect to the used CF2(OF)2 is 33%. The Isomers have been separated by preparative gas- 
chromatography. 

Characterization of products C and D 

35 

[0119] Mixture boiling point (C 78%, D 22%) at the reduced pressure of 100 mmHg: 71*C. 

[0120] \9F-NMR spectrum in p.p.m. (with respect to CFCl3=: 0) of the isomer C perfluoro-1 ,2-dichloro-1 ,2-dihydro- 

3,5,8-trioxanonane: 

-56.0A57.2 (2F. O-CF2-O); -143.2/-146.0 (1 F. C-CHFCI); -65.8 (3F, CF3-OC) ; -91 .0/-91 .4 (2F. OOCFg-C) ; 
40 -90.3A90.5 (2F, C-OC-CF2OCOC). 

[0121] ^^F-NMR spectrum in p.p.m. (with respect to CFCl3=0) of the Isomer D perfluoro-1 ,2-dichloro-1 ,2-dihydro- 
3,5,7-trioxa-6-methyloctane: 

-56.0/-57.2 (2F, O-CFg-O) ; -143,2/-146.0 (1F. C-CHFCI) ; -54.9A55.1 (3F, CF3-OC) ; -86.2/-86.3 (3F, DC 
(CF3)0) ; -100.5/-101.0 (IF, OCF(C)O). 
45 [0122] iH spectrum in p.p.m. (with respect to TMS) of the isomers C and D: 6.28/6.05 (1 H -CHFCI) ; 6.02/5.95 (1H 
-CHCI-) 

[0123] Mass spectrum (electronic Impact), main peaks and respective Intensities %: 
69(84); 119(100); 185 (51 .1) ; 251 (84) ; 281 (15.8) ; 283 (4.8); 347 (5.7) ; 349 (1.7). 
[0124] IR spectrum (cm"'') intensity : (w)=weak, (m)=medium, (s)=strong, (vs)=very strong: 
50 3001 .0 (w); 2920.9 (w); 2850.9 (w); 1286.3 (vs); 1233.7 (vs); 1125.5 (vs); 1081.8 (s); 1047.9 (s); 815.9 (m); 766.3 (m). 

EXAMPLE 4 

Dealogenatlon of perfluoro 1,2-dfchloro-3,5-dlQxaheptane 

55 

[0125] In a 25 ml three-necked flask, equipped with mechanical stirrer, themiometer, dropping funnel, distillation 
column equipped with water refrigerant and collecting trap maintained at -78**C and connected to a mechanical vacuum 
pump, 150 ml of DM F, 15 g of Zn in powder, 0.5 g of K2CO3 and 100 mg of Ig are introduced. The internal t mperature 
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is brought to 80'C and 50 g of perfluoro -1 .2-dlchloro-3,5-dloxaheptane are added drop by drop. 

[01 26] When the addition is over the mixture is allowed to react for about 30 minutes. At the end the internal pressure 

Is gradually brought from starting 760 mmHg to 300 mmHg. After about 20 minutes the collecting trap containing 34.2 

g of perfluoro-3,5-dloxa-1-heptene (MOVE 1) is disconnected. 

[0127] The dehatogenation yield Is 85%. 

Characterization of perfluoro-3.5'dioxa-1'heptene (MOVE 1) 

[0128] Boiling point at atmospheric pressure: 41 .Q^C. 
[0129] 19F-NMR spectrum in p.p.m. with respect to CFCl3=0 : 

-56.8 (2F. O-CF2-O) ; -87.2 (3F, CF3-C) ; -90.6 (2F. C-CFg-O) ; -1 1 4 (1 F, 0-C=C-F) ; -121 .8 (1 F, 0-C=CF) ; 
-137{1F. 0-C-F=C); 

[0130] Mass spectrum (electronic impact), main peaks and respective intensities: 
69 (66.5%); 119 (100%); 147 (83,4%); 185 (89.4%); 216 (67.3%); 282 (8.2%). 
[0131] IR spectrum (cm-"") intensity: (w)=weak, (m)=medium, (s)=strong, {vs)=very strong: 
1839.5 (m) ; 1407.6 (w) ; 1307.4 (vs) ; 1245.8 (vs) ; 1117.4 (vs) ; 907.2 (m); 846.0 (m). 

EXAMPLE 5 

Dehalogenation of the isomer mixture A+B obtained In Example 2 (perfluoro-1 .2-dtchloro-3,5.8-trioxanonane 
CFaOCFoCFoCF^OCFCICFoCI -1- perfluoro-1 ,2-dichloro-3.5.7-trioxa-6'methvloctane CFoOCF(CF o) 

oCToOCFGiCFoCn. ' \ '- ^ ' — ^ 

[0132] In a 250 ml flask equipped as described in the previous Example 4, 1 1 0 ml of DMF, 1 0 g of Zn in powder and 
0.3 ml of Brg are introduced. The Internal temperature Is broughtto 75X and 30.3 g of the binary mixture A+B separated 
in the previous Example 2 are added drop by drop. When the addition is over the mixture is allowed to ract for about 
3 hours. At the end the intemal pressure is gradually lowered from 760 mmHg to 200 mmHg at -79»c; After about 30 
minutes the collecting trap is disconnected. The corresponding content, which is washed with water, Is recovered. At 
the end 24.0 g of a mixture fomned for 79% (gaschromatographic detemnination) by perfluoro-3, 5,8-trioxa-1-nonene 
(MOVE 2) CF30CF2CF20CF20CF=CF2 (isomer A') and for 21% by perfIuoro-3,5,7-trioxa-6,methyl-1 octene^(M6VE 
2a) CF3OCF (CF3) 0CF20-CF=CF2 (isomer B') are obtained, which are then separated by preparative gaseh?oma- 
tography. ::i?jas. 

Characterization of products A' and B' 

[0133] Boiling range of the isomer mixture at atmospheric pressure: 72.5*-74.5*C. 
[0134] ^®F-NMR spectrum In p.p!m. (with respect to CFCl3=0) of the isomer A': 

-55.9 (3F. CF3-O) ; -56.9 (2F, O-CF2-O) ; -90.8 (2F, C-CFg-O) ; -91.2 (2F, O-CFg-C) ; -114 (IF. 0-C=C-F) ; -121.8 (IF. 
-0-C=CF) ; -137 (1 F. 0-CF=G) 

[0135J 19F-NMR spectrum In p.p.m. (with respect to CFCl3=0) of the Isomer B* : 

-55.9 (3F, CF3-O) ; -56.2 (2F, O-CFg-O) ; -86.4 (3F. CF3-C) ; -1 00.9 (1 F, CF; -114 (1 F, 0-C=C-F) ; -122 (1 R 0-C=CF) ; 
-137(1F, 0-CF=C). 

[0136] Mass spectrum (electronic impact), main peaks and respective Intensities of the isomer A': 
69 (74) ; 81 (18) ; 119 (100) ; 147 (59) ; 185 (26); 251 (21) ; 

[0137] Mass spectrum (electronic impact), main peaks and respective intensities of the isomer B* : 
69 (80) ; 81 (37) ; 97 (47) ; 119 (36) ; 147 (100) ; 185 (19). 

[0138] IR spectrum (cm-^), intensity: (w)=weak, (m) ^medium, (s)=strong, (vs)=very strong, 1839 (m) ; 1343 (s) ; 
1248 (vs) ; 1145 (vs) ; 918 (m) ; 889 (m) . 

EXAMPLE 6 

Dehalogenation of the isomers C+D mixture obtained in Example 3 (CF^OCFoCFoOCFqOCHCI CHFCI perfluoro- 
1.2-dichloro-1 .2-dihydro-3,5,8-trloxanonane (isomer C)+ CF^OCF(CF^)0CF90CriCiCHFCi perfluoro-1,2-dlchioro- 
1,2-dlhydro-3,5.7*trioxa-6-methvloctane (Isomer D)). " 

[0139] In a 500 ml three-necked flask, equipped with mechanical stinger, themnometer, dropping funnel, distillation 
column having a water refrigerant and a collecting trap maintained at the temperature of -78*C. 250 ml of DMF, 30 g 
of zinc In powder and 300 mg of are Introduced. 
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[0140] The temperature is brought to 1 0C^C and 56.9 g of the isomer mixture obtained in Example 3 are add d drop 
by drop. 

[0141] When the addition Is over the reactor internal temperature is brought to 120*C and stining is maintained for 
24 hours. At the end the reaction product, which contains traces of solvent and which is collected in the trap maintained 
5 at -78*C, is distilled. After washing with water 35 g of a mixture of perf luoro-1 ,2-dihydro-3-5-8-trioxa-1'nonene (isomer 
C*. 79% by moles) and of perfluoro-1 .2-dihydro-3-5-7-trioxa-5-methyl-1-octene (isomer D'. 21% by moles) are recov- 
ered. The isomers are separated by preparative gaschromatography. 
[0142] The dehaloagenation reaction yield is 76%. 

10 Characterization of products C and D* 

[0143] Boiling range of the mixture of isomers C 79%, D' 21% at atmospheric pressure: 90.0'-92.0*C. 

[0144] ^^F-NMR spectrum in p.p.m. (with respect to CFCl3=0) of the isomer C perfluoro-1 ,2-dlhydro-3.5,8-trioxa- 

1 -nonene: 

15 -55.7 (3F. CF3-O) ; -57.3 (2F, O-CFg-O) ; -90.9 (2R C-CFg-O) ; -91 .2 (2F. O-CFg-C) ; -1 49.3/-1 50.0 (1 F. O- 

C=C-F). 

[0145] ^9F-NMR spectrum in p.p.m. (with respect to CFCl3=0) of the isomer D* perfIuoro-1,2-dihydro-3,5,7-trloxa- 
6-methyl-1 -octene: 

-55.0 (3F, CF3-O) ; -56.9 (2F, O-CF2-O) ; -86.2 (3F. CF3-C) ; -101.0 (IF, CF). -1 49.37-150,0 (IF, 0-C=C-F) 
20 [0146] Mass spectrum (electronic impact), main peaks and respective intensities %: 
69 (82) ; 119 (100) ; 185 (29); 246 (25); 251 (20); 312 (43). " ' 

[0147] IR spectmm (cm-i) intensity of the isomer mixture (C 79%, D' 21%) : (w)=weaic, (m)=mediuni, (s)=strong, 
(vs)=very strong: 

3140 (w) ; 1722 (w) ; 1695 (w) ; 1402 (m) ; 1281 (vs) ; 1237 (vs) ; 1147 (vs) ; 1106 (vs) ; 1030 (m)! 
2^ - . ■ 

. EXAMPLE 7 . . ^ 

Homopolymerization of perfiuoro-3.5-dioxa-1-heptene (MOVE 1). 

30 [0148] In a glass reactor for polymerizations, having a 20 ml volume, equipped with magnetic stimng and with ari 
. inlet for the reactant feeding and discharge, 60 ^il of perfluoropropionylperoxide at 3% by weight in CFCI2CF2CI and 3 
g of MOVE 1 are in sequence introduced. The so charged reactor is brought to the temperature of -1 96'C, evacuated, 
brought to room temperature, the ail twice. At the end of the degassing operations the reactor is themnostated at the 
temperature of 30'*G and the mixture is allowed to react under these conditions for two days under magnetic stirring. 

35 [0149] The reaction raw material which is finally recovered appears as a slightly viscous, transparent, colourless and 
homogeneous solution. 

[0150] After distillation of the unreacted monomer, and subsequent stripping under vacuum at 150''C for 3 hours, 
1 80 mg of the polymer are separated. 

[0151] The IR analysis of the obtained polymer shows that, in the spectmm, absorption bands in the zone of the 

40 fluorinated double bonds are absent. 

[0152] The ^^F-NMR analysis carried out on the polymer dissolved in C6F6 Is in accordance with the homopolymer 
structure having a molecular weight of 60,000. The analysis does not show the presence of unreacted monomer 
[0153] The DSC graph does not show any melting endothemnic curve, wherefore the polymer is amorphous. The 
polymer Tg. detemiined by DSC, is -35.4*»C. The themnogravlmetric analysis (TGA) shows a weight loss of 2% at 332*C 

45 andof 10%at383'C. 

. EXAMPLE 8 

Copolymer between perfiuoro-3.5.8-trioxa-1 -nonene CF^OCFqCFoOCF^OCF^CFq (MOVE 2Yand perfluoro- 
50 3.5.7'trioxa-6. methyl- 1 -octene CF^0CF(CF^)0CF90-CF=CF; (MDVE 2a). 

[0154] In a reactor having the same characteristics as that described in Example 7, 150 ^il of perfluoropropionylper- 
oxide at 3% by weight in CFCIgCFgCI and 3.2 g of a mixture prepared according to the process of Example 6 and 
containing 83% MOVE 2 and 1 7% MOVE 2a, are introduced. The reactor is then evacuated, cooled, and the subsequent 
55 reaction carried out as described in the previous Example 7. 

[0155] The reaction raw material appears as a slightly viscous, transparent, colourless and homogeneous solution. 
The monomers which have not reacted are distilled and a stripping under vacuum at 1 50*C for 3 hours is in sequ nc 
carried out. Finally 350 mg of the polymer are separated. 



15 



I 



EP 1 148 072 A2 

[01 56] The IR analysis shows that, in the polymer spectrum, absorption bands in the zon of the f luorinated double 
bonds are absent. 

[0157] The ""^F-NMR analysis Is in accordance with the copolymer structure having an average molecular weight of 
35,000 and a MOVE 2/MOVE 2a content equal to the percentages of the reacting mixture; unreacted monomers are 
5 not evident. 

[0158] The DSC graph does not show any melting endothenmic curve, wherefore the polymer is amorphous. The 
polymer Tg, determined by DSC, is -52.6*C. The themtogravimetric analysis (TGA) shows a weight loss of 2% at aso'^C 
andof 10%at327*»C. 

10 EXAMPLES 

Amorphous copolymer between MOVE 1 and TFE. 

[0159] In an AISI-31 6 polymerization reactor having a 40 ml volume, equipped with magnetic stirring, pressure trans- 
is ducer and an inlet for the reactant feeding and discharge, 250 ^il of perfluoroproplonylperoxide at 3% by weight In 
CFCIgCFgCI. 9.8 mmoles of MOVE 1 and 18 .mmoles of tetrafluoroethylene are introduced. 
[01 60] The reactor is cooled to the temperature of -1 96*C, evacuated, then brought to room temperature and cooled 
again, the all twice. 

[01 61 ] At the end of the degassing operations the reactor is thermostated at the temperature of 30**C and the reaction 
20 mixture maintained under magnetic stim'ng. The intemal pressure decreases from 6.4 atm to 4.7 atm in about 8 hours 
(reaction time). 

[0162] After distillation of the unreacted monomers, and polymer stripping under vacuunh forS hours at 150*C, 1 ,1 00 
mg of polymer are recovered, which appears as a transparent and colourless rubber. 

[0163] By 19F-NMR analyisis of the polymer dissolved under heating In C6F6 it Is detennlned that the MOVE 1 molar 
25 percentage In the polymer is 24%. 

[0164] The IR analysis does not show, in the polymer spectrum, absorption bands in the zone of the fluorinated 

double bonds, and shows the presence of very small absorption bands in the zone of the carboxyl signals. The intensity 

of these signals, compared with the similar ones obtained from a film having the same thickness obtained with the 

polymer of the comparative Example 1 , ^s equal to about 1/10 of these latter. 
30 [01 65] The DSC graph does not show any melting endothermic curve, wherefore the polymer is amorphousWthe T- 
. detenninedbyDSCis-21.4«C. .;r^rTt*. ; - 

[01 66] The TGA shows a weight loss of 2% at 450*C and of 1 0% at 477^C. The polymer therefore results thSrmally 

more stable with respect to the comparative Example (see . aftenwards). . 

[0167] The polyrper intrinsic viscosrty measured at 30'C in Fluorlnert®FC-75, is 35.5 ml/g. 

35 

EXAMPLE 10 

Amorphous copolymer between MOVE 1 and TFE. 

40 [0168] In an AISI-31 6 polymerization reactor identical to that described in the previous Example 9, 250 \l\ of perfluor- 
oproplonylperoxide at 3% by weight in CFCIgCFgCI, 9.75 mmoles of MOVE 1 and 9 mmoles of tetrafluoroethylene are 
in sequence introduced. 

[0169] The procedure already described in the previous Example 9 Is then followed until the themnostating step at ' 
the temperature of 30*C under magnetic stirring. During the reaction the Intemal pressure decreases from 3.4 atm to 
^5 2.9 atm in about 8 hours, 

[0170] At the end the unreacted monomers are distilled and the polymer is stripped under vacuum at 150*C for 3 
hours. 

[01 71 ] 480 mg of the polymer are separated. 

[01 72] By ^^F-NM R analysis of the polymer dissolved under heating in CgFe it is determined that the MOVE 1 molar 
50 percentage in the polymer is 39%. 

[0173] The IR analysis shows that. In the polymer spectrum, absorption bands In the zone of the fluorinated double 
bonds are absent. 

[0174] The DSC graph does not show any melting endothemnic cuwe, wherefore the polymer is amorphous. The T- 
detemilned by DSC is -29.8*C. 
55 [0175] The TGA shows a weight loss of 1 0% at 436'»C. 
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EXAMPLE 11 



Amorphous copolymer between MOVE 1 and CF9=CHg 

5 [01 76] In a polymerization reactor Identical to that described In Example 9, 250 \l\ of pert luoropropionylperoxide at 
3% by weight in CFCI^CFgCI, 10 mmoles of MOVE 1 and 18 mmoles of VDF are in sequence Introduced. 
[0177] The procedure already described in the previous Example 9 Is followed until the thermostating step at the 
temperature of 30**C under magnetic stirring. The intemal pressure decreases from 6.8 atm to 5.0 aim during the 
reaction (about 8 hours). 

10 [0178] After distillation of the unreacted monomers, and subsequent polymer stripping under vacuum at 150*C for 
3 hours, 1 ,600 mg of the polymer are separated, appearing as a transparent and colouriess njbber. 
[0179] By the ^^F-NMR analysis canied out on the polymer dIssoWed in CqFq It is detennlned that the MOVE 1 molar 

percentage In the polymer is 40%. 

[0180] The DSC graph does not show any melting endothemnic curve, wherefore the polymer is amorphous. The Tg 
IS determined by DSC, Is -47'C. 

[01 8i] The TG A shows a weight loss of 2% at 428'C and of 1 0% at 455'»C. 

EXAMPLE 12 

20 Amorphous tenjolymer MOVE 2/MOVE 2a/TFE. . ' . 

[0182] In a polymerization reactor identical to that described In Example 9, 100 ^1 of perf luoropropionylperoxide at 
6% by weight in CFCIgCFgCI, 10 mmoles of a MOVE 2 (83%) and MOVE 2a (17%) mixture sinthetized according to 
the process of Example 5, and 1 8 mmoles of tetrafluoroethylene (TFE) are In sequence introduced. 
25 [0183] The procedure already described in the previous Example 9 is then followed until thennostating at the tem- 
perature of 30*C under magnetic stirring. The intemal pressure decreases from 6.1 atm to 3.9 atm during the reaction 
(about 8 hours). 

[0184] After distillation of the unreacted monomers and polymer stripping under vacuum at 150*C for 3 hours, the 

polymer is separated. 

30 [0185] By the ^^p-NMR analysis carried out on the polymer dissolved in CsFg it results thatthe total molar percentage 
of the MOVE 2 + MOVE 2a perfluorovinylethers in the polymer is 22%; the MOVE 2/MOVE 2a ratio by moles in the 
polymer Is 83/1 7 and it is equal to that of the starting fed mixture. 
[0186] . The presence of unreacted monomers is not evident. 

[0187] The IR analysis does not show, in the polymer spectrum, absorption bands in the zone of the fluorinated 
35 double bonds, and it shows the presence of very small absorption bands in the zone of the carboxyl signals. The 

intensity of these signals, compared with the similar ones obtained from a film having the same thickness obtained 

with the polymer of the comparative Example 1 , is equal to about 1/1 0 of the latter. . . 

[01 88] The DSC graph does not show any rheltlng endothenmic curye, wherefore the polymer is amorphous. The Tg 

determined by DSC, Is -37.5»C. 
40 [0189] The TGA shows a weight loss of 10% at 473*»C. 

[01 90] The polymer intrinsic viscosity. measured at 30»C in Fluorinert® FC-75, is 40.0 ml/g. 

EXAMPLE 13 

45 Amonahous tenjolymer MOVE 2/MOVE 2a/TFE. 

[0191] In a polymerization reactor Identical to that described in Example 9, 1 00 \i\ of perfluoropropionylperoxide at 
6% by weight In CFCIgCFaCI. 9.7 mmoles of the MOVE 2 (83%) and MOVE 2a (17%) mixture sinthetized according 
to the process of Example 5, and 10 mmoles of tetrafluoroethylene (TFE) are in sequence introduced. 
50 [0192] The procedure already described in the previous Example 9 Is then followed until the themiostating step at 
the temperature of 3Q^C under magnetic stirring. The internal pressure decreases from 3.6 atm to 2.7 atm during the 
reaction (about 8 hours). 

[0193] After distillation of the unreacted monomers and polymer stripping under vacuum at 150*C for 3 hours 652 
mg of polymer are separated. 

55 [0194] By the ^^F-NMR analysis carried out on th polymer dissolved in CgFe it results that the total molar percentage 
of the MOVE 2 + MOVE 2a perfluorovinylethers In the polymer is 37%; the MOVE 2/MOVE 2a molar ratio In the polymer 
Is 83/1 7 and it is equal to that of the starting fed mixture. 
[0195] The presence of unreacted monomers is not evident. 
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[0196] The IR analysis does not show, in the polynner spectrum, absorption bands in the zone of the fluorinated 
double bonds. 

[01 97] The DSC graph does not show any melting endothenmic curve, wherefore the polymer is amorphous. The Tg 
detemiined by DSC, Is •44.5°C. 
5 [01 98] The TGA shows a weight loss of 1 0% at 45 1° C . 
[0199] The polymer Intrinsic viscosity measured at 30°C in 
[0200] Fluorinert® FC-75, is 1 8.7 ml/g. 

EXAMPLE 14 

10 

Amorphous copolymer between perfluoro-1 ,2-dihydro-3,5,8-tri-oxa'1-nonene (H-MQVE 2) and perfluoro-1 ,2-dihydro- 
3,5,7-trio-xa'6-methyl-1-octene (H-MOVE 2a) with molar ratio 88/12. 

[0201] In a reactor identical to that described in Example 7, 200 \l\ of perfluoropropionylperoxlde at 3% by weight In 
15 CFCIg-CFgCI and 3.1 g of a H-MOVE 2/H-MOVE 2a 88/12 mixture are introduced: 
[0202] The procedure described in Example 7 is followed. 

[0203] The recovered reaction raw material appears as a slightly viscous, transparent, colourless and homogeneous 

solution. . - . . - . 

[0204] After distillation of theunreacted monomer and subsequent stripping under vacuum at 150*0 for3 hours,"l20 
20 mg of polymer are separated. 

[0205] The IR analysis of the obtained polymer shows that, in the polymer spectrum, absorption bands in the zone 
of the fluorinated double bonds are absent. 

[0206] The ^^p-NM R analysis is in accordance with the copolymer structure having a content of mononiers H-MOVE 
2 and H-MOVE 2a equal to the H-MOVE 2 and H-MOVE 2a percentages in the reacting mixture. The analysis does . 
25 not show the presence of unreacted monomers. 

[0207] The DSC graph does not show any melting endothemnic curve, wherefore the polymer Is amorphous! The 
polymer Tg detemnined by DSC, is -58.0'C. The thermogravimetric analysis (TGA) shows a weight loss of 1 0% at 307*C. 

EXAMPLE 15 ' "-^-•'^•^••^ 

30 _ 

Tenaolymer H-MOVE 2/H-MOVE 2arrFE. ' 2 

[0208] In a reactor similar to that described in Example 9, 100 p.1 of perfluoropropionylperoxlde at 6% by weight in 
CFCtg-CF^CI arid 5 mmoles'of a H-MOVE 2 (88%) and H-MOVE 2ei (12%) mixture and 18 mmoles of tetrafluoroeth-'' 

35 yiene, are introduced. 

[0209] The same procedure described in Example 9 Is followed. 

[0210] At the end of the degassing, the reactor is thennbstated at the temperature of 30'C under magnetic stim'ng. 
The internal pressure decreases from 6.8 atm to 6.5 atm in about 6 hours (reaction time). 

[0211] After distillation of the unreacted monomers, and polymer stripping under vacuum at 150*0 for 3 hours, 300 
40 mg of the polymer are separated. 

[0212] By i9F-NMRanalysisofthe polymer dissolved under heating in CgFg it is calculated that the molar percentage 
of the perfluorovlnylethers (H-MOVE 2 + H-MOVE 2a) contained In the polymer is 33%. The H-MOVE 2/H-MOVE 2a 
molar ratio in the polymer is equal to the H-MOVE 2/H-MOVE 2a molar ratio of the fed mixture. Unreacted monomers 
are not evident. 

45 [0213] The IR analysis does not show, in the polymer spectrum, absorption bands in the zone of the fluorinated 
double bonds. 

[021 4] The DSC graph does not show any melting endothermic ciirve wherefore the polymer is amorphous. The Tg 

detemrjined by DSC, is -44.5*0. 

[021 5] The TGA shows a weight loss of 1 0% at 450»C. 

50 

EXAMPLE 1 (comparative) 
Copolymer PVE/TFE. 

55 [0216] In a polymerization reactor Identical to that described in ExampI 9, 250 of perfluoropropionylperoxlde at 
3% by weight in CFCI2CF2CI, 9.8 mmoles of PVE and 18 mmoles of tetrafluoroethylene, are in sequence introduced. 
[021 7] The procedure already described In the previous Example 9 Is followed until thennostating at the temperature 
of SO^'C under magnetic stirring. The reaction time is of eight hours. 
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[0218] After distillation of the unreacted monomers and stripping under vacuum at 150''C for 3 hours, 540 mg of 
polymer are recoverd. 

[0219] By the ^^F-NMR analysis carried out on the polymer dissolved in CgF^ it is calculated that th PVE m lar 
percentage in the polymer is 23%. 
5 [0220] The IR analysis shows that, in the polymer spectrum, there are absorption bands in the carboxyl zone, whose 
intensity is 10 times higher than that obtained from a MOVE 1/TFE copolymer film prepared according to Example 9. 
and having the same thickness. 

[0221] The DSC graph does not show any melting endothennic curve, wherefore the polymer is amorphous. The 
TGA shows a weight loss of 2% at 42r C and of 1 0% at 463*C. The Tg, determined by DSC, Is + 16*C. 
10 [0222] The polymer intrinsic viscosity, measured at 30**C in Fluorlnerl® FC-75, is 51 ml/g. 

EXAMPLE 2 (comparative) 

Copolymer between B-PDE (CFqOCF9CFoOCF=CF9)/TFE. 

IS 

[0223] In a polymerization reactor identical to that described in Example 9, 250 |il of perfluoropropionylperoxide at 
3% by weight in CFCI2-CF2CI, 10 mmoles of $-PDE and 18 mmoles of tetrafluoroethylene, are in sequence introduced. 
[0224] The procedure described in the previous Example 9 is followed until the thennostating step at the temperature 
of 30*C under magnetic stirring. 
20 [0225] By the "'^F-NMR analysis carried out on the polymer purified from the monomers by the processes descrft}ed 
in the previous Examples, it is calculated that the molar percentage of p-PDE in the polymer is 23%. 
' [0226] The DSC graph does not show any melting endothermic curve wherefore the polymer Is amorphous. The Tg, 
determined by DSC, is -4.8*C. This Tg value is clearly higher than those obtainable with the viriylethers of the invention 
(see above). 

25 

Claims . 
1 . Fluoroelastomeirs comprising in the polymer chain units deriving from f luorovinylethers of fonmula: 



30 



so 



CFX^CXOCFpOR (1) 



wherein R Is a Cg-Ce linear, branched or CyC^ cyclic (per) fluoroalkyi group, or a Cg-Cg linear, branched (per) - 
3s f luoro oxyalkyi group containing from one to three oxygen atoms; when R is a fluoroalkyi or f luorooxyalkyi group 

as above defined it can contain from 1 to 2 atoms, equal to or different from each other, selected from the f ollowirig: 
H.CI.Br. I;X=F.H. ... 

2. Fluoroelastomers according to claim 1 , comprising in the polymer chain units deriving from fluorovlnylethers of 
^ fonmula: 

CFX=CXOCF20CF2CF2Y (11) 

wherein Y = F, OCF3; X as above defined. 

3. Fluoroelastomers according to claims 1 and 2, comprising in the polymer chain units deriving from fluorovlnylethers 
of fomnula: 



CF2=CFOCF20CF2CF2Y (HI) 



wherein Y is as above defined. 



^ 4. Fluoroelastomers according to claims 1 -3. comprising In the polymer chain units deriving from f luorovinyleth rs of 
fomiula: 
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CF2=CFOCF20CF2CF3 (IV) 

5. Fluoroelastomers according to claims 1-4, obtainable by polymerizing the fluorovlnylethers mentioned in claims 
1 -4 with comonomers, using an amount of fluorovlnylethers such as to lead to the disappearance of the crystalline 
domains. 

6. Fluoroelastomers according to claim 5, wherein the amount of fluorovlnylethers Is higher than 10% by moles 
preferably In the range 1 5-20% by moles, or higher. 

7. Fluoroelastomers according to claims 1 -6, wherein the comonomers are fluorinated compounds having at least 
one polymerizable double bond C=C, optionally containing In the molecule hydrogen and/or chlorine and/or bro- 
mine and/or Iodine and/or oxygen, said comonomers being able to produce (co)polymers In the presence of radical 

Initiators. 

8. Fluoroelastomers according to claim 7, wJierein optional copolymerlzable comonomers are non fluorinated Co-C<> 
olefins, preferably ethylene, propylene, Isobutylene. 

9. Fluoroelastomers according to claims 7-8, wherein the comonomers are selected from one or more of the following: 

- Cg-Cg perfluoroolefins, preferably tetrafluoroethylene (TFE), hexafluoropropene (HFP), hexafluoroisobutene; 

- C2-C8 hydrogenated fluoroolefins, preferably vinyl fluoride (VF), vinylldene fluoride (VDF), trif luoroethylene' 
CH2=CH-R2, perfluoroalkylethylenes, wherein R2, Is a C^-Cq perfiuoroalkyi; 

• C2-C8 chloro- and/or bromo- and/or iodo-fluoroolef ins, preferably chlorotrif luoroethylene (CTFE) and bromo- 
trifluoroethylene; 

■ CF2=CFOR2, (per)fluoroalkylvinylethers (PAVE), wherein R2, is a C^-Cg (per)fluoroallcyl. preferably trifluor" 
omethyl, bromodifluoromethyl or heptafluoropropyl ; . 

- CF2=CFOXa (per)fluoro-oxyalkyIvinylethers;. wherein xa is a q-Cig alkyi, or a C^-C^^ oxyalkyi, ora C.-Ci, 
(per) fluorooxyalkyi having one or more ether groups, preferably perfluoro-2-propoxy-propyl; 

- sulphonic monomers having the structure CF^^CFOXbSOgF, wherein = CF^CFo. CFoCFoCFo^'CFoCF 
(CF2XC) wherein X*==F, CI, Br. ^ ^ d z J:; 

- a bis-olefin having the general fomiula - 



r',r'2C=Cr'3.Z.CR'4=Cr'5R's (,a) 



wherein 



R'l . R'2. R'3» R'e equal to or different from each other, are H or C1-C5 alkyls; 

2 is a linear or branched alkylene or cycloalkylene radical, optionally containing oxygen atoms, 

preferably at least partially fluorinated, or a {per)fluoropolyoxyaikylene radical. - ' 

10. Fluoroelastomers acording to claim 9, wherein In the bls-olefln of fonnula (lA), Z is a C.-C,^ perfluoroalkvlene 
radical and R'^, R'g, R'3. R'4. R'g, R'e are hydrogen. 

11. Fluoroelastomers according to claims 9-10, wherein In the bis-olefin of formula (lA) 2 Is a (pertfluoropolyoxy- 
alkylene radical, having the fonnula: f 7 / 

-{Q)p-CF20.(CF2CF20)^3(CF20)^-CF2-(Q)p- (i|A) 

wherein: 

Q is a C1-C10 alkylene or oxyalkylene radical; 
pisOorl; . 

ma ed na are integers such that the ma/na ratio is comprised between 0.2 and 5 and the molecular weight of 
said (per)fluoropolyoxyalkylene radteal is in the range from 500 to 10.000. preferably from 1 .000 to 4,000. 
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12. Fluoroelaslomers according to claims 9-1 1 , wherein in the bis-olefln of formula (lA) Q is selected from the following 
groups: 

^ -CH2OCH2-; -CH20(CH2CH20)CH2-. 

with s= 1-3. 

13. Fluoroelastomers according to claims 9-12, wherein the amount in the chain of units deriving from the bls-olefln 
10 of formula (lA) Is in the range 0.01 -1 .0 by moles. 

14. Fluoroelastomers according to claims 1 -13. wherein the base fluoroelastomer stmcture Is selected from: 

(1) copolymers based on VDF copolymerized with at least one comonomer selected from C2-C8 perfluoroole- 
15 fins preferably tetrafluoroethylene (TFE), hexafluoropropene (HFP); Cg-Cs chloro- and/or bromo- and/or iodo- 

fluoroolefins, preferably chlorotrifluoroethylene (CTFE) and bromotrifluoroethylene; CF2=CF0R*f (per)fluoro- 
alkylvlnylethers (PAVE), wherein Ryis a C^-Ce (per)f!uoroalkyl, preferably trifluoromethyl, bromodifluorome- 
thyl. pentafluoropropyi; CF2=CFOX* perfluoro-oxyallcylvlnylethers, wherein Is a QrCi2 perfluoro.-oxyalkyl 
having one or more ether groups, preferably perfIuoro-2-propoxy-propyl; C^-Cg non fluorinated olefins (Ol), 
20 preferably ethylene and propylene; 

(2) copolymers based on TFE copolymerized with at least one comonomer selected from: CF2=CF0R*j (per) 
fluoroalkyl-vinylethers (PAVE), wherein R*, is as above defined; CF2=CFOX* perfluoro^-oxyalkylvinylethers, 
wherein is as above defined; Cg-Cs fluoroolefins containing hydrogen and/or chlorine and/or brominei and/ 
or iodine atoms; 02*^8 non fluorinated olefins (Ol). 

25 

15. Fluoroelastomers according to claim 1 4, having the following base monomeric compositions (by moles): 



VDF . . 


45-85 ' 


HFP and/or PAVE 


0-45 


TFE 


0-30 


MOVE 


1-45, preferably 5-40 


01 


0-40 



the sum of HFP+PAVE+MOVE being at most 45% 



TFE 


50-85 


PAVE 


0-50 ' 


MOVE 


1-50, preferably 5-40 


01 


0-40 



the sum of PAVE+MOVE being at most 50. 

16. Fluoroelastomers according to claims 14-15, curable by peroxidic route, optionally in the presence of small ai]nounts 
of a bis-olefin as above indicated, said fluoroelastomers preferably containing reactive sites, I.e. Iodine and/or 
bromine In the chain, preferably iodine, and/or using an iodinated and/or brominated transfer agent. 

17. Fluoroelastomers according to claims 1 3-15, curable by Ionic route, having the following compositions (expressed 
by moles): 

when the fluoroelastomer is used for the preparation of O-rings: 



VDF 


48-65 


HFP 


20-35 


PAVE 


0-6 


TFE 


0-20 
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(continued) 



MOVE 



3-9 



the sum PAVE + MOVE lower than or equal to 10% by moles; 

when the fluoroelastomer Is used for preparing shaft seals or'f uel hoses: 



10 



15 



VDF 


30-47 


HFP 


20-40 


PAVE 


0-17 


TFE 


10-30 


MOVE 


3-20 



the sum PAVE+MOVE lower than or equal to 20% by moles. 
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